ABSTRACT: This study was conducted to evaluate 1) the effects of soybean meal (SBM) from 3 major SBM-producing countries (United States, Brazil, and India) on the growth performance, nutrient digestibility, and meat quality of growing-finishing pigs and 2) the feeding value of the evaluated SBM as a feedstuff for growing-finishing pigs. Soybean meal representative of each country was purchased on the open market. A total of 144 barrows with the average BW of 23.77 (SD = 1.52 kg) were allotted to 3 dietary treatments with 12 replicate pens per treatment and 4 pigs per pen. The US SBM used in this trial had greater CP and total AA contents, greater KOH protein solubility, and less crude fiber than SBM from either Brazil or India. Diets were formulated to be isolysinic and isocaloric. Pigs fed diets containing US SBM were heavier (P < 0.05) than pigs fed diets containing Brazilian or Indian SBM at 12 and 18 wk. Pigs fed diets containing US SBM had greater (P < 0.05) ADG and G:F throughout the overall period when compared with pigs fed SBM produced in Brazil or India. The DM and N digestibility were greater for US SBM (P < 0.05) than Brazilian and India SBM at 6, 12, and 18 wk. Pigs were slaughtered at the end of 18 wk, and no differences were observed on meat quality (backfat thickness, LM area, pH, meat color, water holding capacity, and drip loss) among the treatments, except lean percentages were less and backfat thickness was greater in pigs fed Brazilian and Indian SBM than US SBM. The cost per kilogram of BW gain of the experimental diet containing US SBM was less than that of diets containing Brazilian or Indian SBM, but it would depend on the relative prices of each SBM. Based on the results of the current experiment, the productivity and feeding value of US SBM seems to be greater than the SBM produced in Brazil and India.
INTRODUCTION
The United States has been the leader in world soybean (SB) production for a long time, supplying approximately 37% of the world 's SB in 2009 (USDA, 2009 . Brazil had the second greatest SB production (26%), followed by China (21%), Argentina (17%), and India (4%; USDA, 2009). The value of the world SB crop exceeded $83.4 billion in 2009 (ASA, 2010) . Soybean meal (SBM) is the most commonly used feed ingredient as a protein source in diets for nonruminant species because of its relatively high concentration of protein (44 to 49%), excellent AA profile, and dependable supply (Kim et al., 1999; Cromwell, 2000) .
In a typical broiler or pig diet, SBM supplies about 50% of the protein and AA and 25% of the ME (ASA, 2002) . However, considerable variation in the nutrient or AA digestibilities has been observed among SBM produced by different countries or areas (Grieshop and Fahey, 2001; Karr-Lilienthal et al., 2004; van Kempen et al., 2006) . It is well known that SB cultivated in different areas has different protein and AA concentrations; therefore, specific evaluation of SBM produced in different regions is necessary before its use in various animal feeds. The main purpose of this experiment was to determine the effects of including SBM from the United States, Brazil, and India in growing-finishing pig diets on growth performance, nutrient digestibility, meat quality, and feeding value.
MATERIALS AND METHODS
The Animal Care and Use Committee of Dankook University approved the experimental procedures used in this study.
Experimental Design, Animals, and Diets
A total of 144 barrows [(Landrace × Yorkshire) × Duroc] with an initial BW of 23.77 ± 1.52 kg were used in an 18-wk feeding trial. Pigs were housed in 48 adjacent pens with slatted floor (1.8 × 1.8 m) in an environmentally controlled facility. Dietary treatments were formulated to be isolysinic and isocaloric, and each SBM sample was the sole source of protein (US SBM, Brazilian SBM, and Indian SBM; Table 1 ). Pigs were fed in 2 phases, consisting of growing (wk 0 to 6) and finishing (wk 6 to 18) periods, and there were 12 replicate pens and 4 pigs per pen for each treatment. Pigs were allowed ad libitum access to feed and water throughout the experiment. During the first 6 wk, all pigs were housed in an environmentally controlled room with plastic slatted floor in 2.4 × 1.3 m pens (0.78 m 2 / pig). After the growing period, the pigs were transferred to finishing facility (2.4 × 2.2 m) with stocking density of 1.32 m 2 /pig, humidity at around 60%, and temperature maintained at 23°C through the experimental period.
Experimental Procedures, Sampling, and Assay
All feed and SBM samples were analyzed in triplicate before initiation of the experiment. The AOAC (1995) methods were used to determine DM (930.15) ity (KOH) was evaluated according to the method described by Araba and Dale et al. (1990) . Gross energy content was determined by a bomb calorimeter (Parr Instrument Co., Moline, IL). The chemical composition of SBM is shown in Table 2 . There were no differences in the moisture, crude fat, crude ash, Ca, and P content among the 3 SBM. The SBM from the United States had greater concentrations of CP and AA and greater KOH protein solubility than SBM from either Brazil or India. In addition, US SBM had a decreased concentration of crude fiber and ether extract compared with those from Brazil or India.
Individual pig BW and pen feed disappearance were recorded at the beginning and the end of each dietary phase and utilized for the determination of ADG, ADFI, and G:F. Economical efficiency, represented as feed cost required to gain 1 kg of BW, was determined by the data collected from the local market of Korea.
During each phase, apparent total tract digestibility (ATTD) of DM and N were determined using chromic oxide as an indicator (Fenton and Fenton, 1979) . At the start of wk 11 and 17, all pigs were fed diets mixed with 2% Cr 2 O 3 . After the pigs were fed diets containing the indicator for 4 d, about 200 g of fresh fecal grab samples were obtained from each pig during 3-d period. All feces were pooled by pen and mixed, after which a representative sample was stored in a freezer at −20°C until analysis. Before chemical analysis, the fecal samples were thawed and dried for 72 h at 50°C in a forced-air oven (model FC-610, Advantec, Toyo Seisakusho Co. Ltd., Tokyo, Japan), after which they were finely ground to a size that could pass through a 1-mm screen. All feed and fecal samples were then analyzed for DM and N as described before. Chromium was analyzed using UV absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan). The ATTD was then calculated using the following formula:
, and C f = chromium concentration in feces (% DM).
Meat Quality
On the morning of d 126, all pigs were commercially slaughtered by conventional methods. At 45 min and 1 h postmortem, the pH of LM was measured by pH meter (WTW pH 340-A, WTH Measurement Systems Inc., Ft. Myers, FL). Hot carcasses were split along the dorsal midline, weighed, and chilled at 0°C overnight. Last-rib fat depth was measured on each carcass at 24 h postmortem, and percent lean was calculated (proprietary equation, Sioux-Preme Packing Co., Sioux City, IA). Then, the right side of each carcass was split by a perpendicular cut between the 10th and 11th ribs and LM area was determined, The LM samples were taken, and immediately transported (vacuum packaged and placed on ice) to Dankook University, and stored at 0°C. Before the meat quality evaluation was performed, meat samples were thawed to ambient temperature. a* (redness), and b* (yellowness)] values were determined by a color meter (Minolta CR410 chroma meter, Konica Minolta Sensing Inc., Osaka, Japan). The water holding capacity (WHC) was measured following the methods described by Kauffman et al. (1986) . Briefly, a 0.2-g sample was pressed at 20,684 pKa for 3 min on 125-mm-diameter filter paper. The areas of the pressed sample and expressed moisture were delineated and then determined with a digitizing area-line sensor (MT-10S, M. T. Precision Co. Ltd., Tokyo, Japan). A ratio of water:meat area was calculated, giving a measure of WHC (a smaller ratio indicates greater WHC). Drip loss was measured as described by Honikel et al. (1986) . Two (2.5 × 2.5 cm) chops were weighed, placed in a drip loss tube (C. Christensen Laboratory, Hillerød, Denmark), and held at 2°C for 24 h. Then, meat samples were removed, blotted dry on paper towels, and reweighed. Differences between sample weights were used to calculate drip loss percent.
Statistical Analysis
Data were analyzed by using MIXED GLM procedure (SAS Inst. Inc., Cary, NC) as a completely randomized block design, and pen was the experimental unit. The initial model include the dietary treatment, block effect, and the period as independent variables, but no effects of the block were detected; therefore, period effect was removed from the model. The initial BW was used as a covariate for ADG and ADFI. Carcass weight was used as a covariate to analyze carcass composition data. The effect of dietary treatment was assessed using the Fisher's LSD test, and significance was based on P < 0.05.
RESULTS AND DISCUSSION

Growth Performance and Apparent Total Tract Digestibility
Pigs fed US SBM had greater (P < 0.05) BW than pigs fed Brazilian SBM at wk 12 and 18 (Table 3) . Also, US SBM treatment had the greatest ADG and G:F throughout the overall experimental period (P < 0.05) compared with Brazilian or Indian SBM. No differences in ADG, ADFI, and G:F were observed due to the different sources of SBM in phase 1, 2, and 3. The ATTD of both DM and N from pigs fed Brazilian or Indian SBM were less (P < 0.05) than pigs fed US SBM at wk 6, 12, and 18 (Table 4) .
Previous studies have reported that nutrient properties of SB (Grieshop and Fahey, 2001 ) and SBM (Grieshop et al., 2003) varied within and among geographic regions of the world. Park and Hurburgh (2002) found that SBM samples from the European Union (EU) and United States had the greatest content of protein and the least amount of fiber compared with SBM from India, Brazil, Argentina, and China. Furthermore, Thakur and Hurburgh (2007) reported that the KOH solubility values were within the acceptable range of 80 to 85% for SBM samples from the EU, United States, and China. However, they found that SBM samples from Brazil Means in the same row with different superscripts differ (P < 0.05).
1
Each mean based on 12 pens (4 pigs from each pen).
had an average KOH solubility value less than 80%. In the current study, the chemical analysis values showed that SBM from the United States had greater content of KOH protein solubility and reduced concentration of crude fiber and ether extract compared with those from Brazil or India. The much greater dietary fiber concentration present in these 2 diets may also explain the reduction in ATTD of Indian and Brazilian SBM. Similarly, Karr-Lilienthal et al. (2004) reported that pigs fed diets containing SBM from India had much less true CP digestibility, which may result in fewer AA reaching organ systems of the animal and could result in poorer growth performance. Moreover, the presence of Maillard products, resulting from the conditions used in SB processing such as the roasting process, will lead to the decreased ATTD of CM and CP. The heating process is designed to denature any remaining antinutritional factors present in the SB. If proper temperatures are not reached, some antinutritional factors may not be destroyed (Araba and Dale, 1990) . These antinutritional factors will lead to a decrease in digestibility of the SBM because of the presence of protease inhibitors. Means in the same row with different superscripts differ (P < 0.05). 1 Each mean based on 12 pens (2 pigs from each pen). Means in the same row with different superscripts differ (P < 0.05).
2 pH was measured at the 9th-and 10th-rib interface of the LM. However, if temperature used is too high, there can be some damage to nutrients in the SB, particularly lysine (Araba and Dale, 1990; Baker and Stein, 2009 ).
Meat Quality
Pigs fed SBM originating from Brazil and India had decreased lean percentage and greater backfat thickness than pigs fed US SBM (Table 5) . However, there were no differences in other meat quality characteristics measured among treatment groups. Typically, the consumption of diets with a greater concentration of fat tend to increase backfat thickness without affecting pH, drip loss, firmness, or American color score (Apple et al., 2004) . Previous studies also demonstrated that formulating diets based on CP and energy had no effect on ultimate muscle pH, drip loss percent, WHC, or subjective color or firmness score (Goerl et al., 1995; Witte et al., 2000) . Additionally, a slightly greater dietary fiber content of Brazilian and Indian SBM may also have contributed to the increased lean percentage and decreased backfat thickness. Similarly, Shriver et al. (2003) reported that the addition of fiber (10% soybean hull) decreased 10th-rib fat depth. However, other studies reported that carcass traits of finishing pigs were not affected by the addition of fiber (20% wheat middling or rice hulls; Knowles et al., 1998; Shriver et al., 1999) . The inconsistency may also be caused by the quality of different SBM source per se.
The effort to assess economic efficiency of feeding different SBM to growing-finishing pigs was made by using the market price for ingredients reported by the Chicago Board of Trade (http://www.cmegroup.com/) and the local market or companies in Korea (2008 Korea ( to 2009 ; data not shown). Although it would depend on many factors, the cost per kilogram of BW gain for the diet containing US SBM ($0.731) seemed to be less than the diet containing Brazilian or Indian SBM ($0.764 and 0.758, respectively) . It is concluded in this study that the feeding value of SBM produced in the United States is greater than that of SBM produced in Brazil and India.
LITERATURE CITED
